[1] We present a multiproxy geochemical analysis of two cores recovered from the Indus Shelf spanning the Early Holocene to Recent (<14 ka). Indus-23 is located close to the modern Indus River, while Indus-10 is positioned $100 km further west. The Holocene transgression at Indus-10 was over a surface that was strongly weathered during the last glacial sea level lowstand. Lower Holocene sediments at Indus-10 have higher ɛ Nd values compared to those at the river mouth indicating some sediment supply from the Makran coast, either during the deposition or via reworking of older sediments outcropping on the shelf. Sediment transport from Makran occurred during transgressive intervals when sea level crossed the mid shelf. The sediment flux from non-Indus sources to Indus-10 peaked between 11 ka and 8 ka. A hiatus at Indus-23 from 8 ka until 1.3 ka indicates non-deposition or erosion of existing Indus Shelf sequences. Higher ɛ Nd values seen on the shelf compared to the delta imply reworking of older delta sediments in building Holocene clinoforms. Chemical Index of Alteration (CIA), Mg/Al and Sr isotopes are all affected by erosion of detrital carbonate, which reduced through the Holocene. K/Al data suggest that silicate weathering peaked ca. 4-6 ka and was higher at Indus-10 compared to Indus-23. Fine-grained sediments that make up the shelf have geochemical signatures that are different from the coarser grained bulk sediments measured in the delta plain. The Indus Shelf data highlight the complexity of reconstructing records of continental erosion and provenance in marine settings.
Introduction
[2] Submarine fan systems potentially record the history of erosion in the world's largest continental drainage basins [Kessarkar et al., 2005; Bentahila et al., 2006; Prytulak et al., 2006] . However, the deep-sea sediment record is separated from the surface processes at the source because of the finite transport time of sediment grains from source to sink. The Holocene global sea level rise of ca. 120 m has restricted sediment supply to many fan systems resulting in sediment storage within the shelf over the past 10 ka [Vail et al., 1977; Schattner et al., 2010] . Unless the shelf is narrow or sedimentation rates are exceptionally high, a record of continental erosion may only be preserved on the shelf, not on the abyssal plain, during periods of sea level rise [Weber et al., 1997] . The shelf is thus potentially a crucial repository of erosional information spanning the Early Holocene because of high sedimentation rates near river mouths. [3] In this study we attempt to understand the controls on sediment deposition in a major submarine delta and explore the factors controlling the movement and source of sediment using geochemical and visual analyses of cored sediments. We ask whether shelf sediments can be used to reconstruct the weathering and erosional impact of Holocene climate change on continental environments in SW Asia. To address this we have to know how clinoforms on the shelf have been built since the Holocene transgression. We focus on the Indus Shelf and sub-aqueous delta because this region receives a strong erosional flux and is subject to the influence of the Asian summer monsoon, which is known to have varied significantly since the Last Glacial Maximum (LGM) [Fleitmann et al., 2003; Gupta et al., 2003] (Figure 1 ).
[4] The weathering and erosional response to changing summer monsoon intensity in SW Asia is poorly constrained compared to river systems in SE Asia, where the summer monsoon is significantly stronger [Colin et al., 2010; Wan et al., 2010] . The Indus thus provides a chance to examine environmental change in a semi-arid river basin. In the Ganga Basin ɛ Nd values and 87 Sr/ 86 Sr of river sediments are known to change on glacial time scales, changes that have been related to shifting Himalayan provenance and the large isotopic gradients known in the source regions [Rahaman et al., 2009] . Sediments deposited at the Indus River mouth since 15 ka also show changes in Nd and Sr isotope character that have been interpreted to reflect a shift in erosion from the Karakoram to the Lesser Himalaya following the Last Glacial Maximum [Clift et al., 2008a [Clift et al., , 2010 . Curiously the direction of isotope change in the Indus delta (i.e., more negative ɛ Nd values) implies more Lesser Himalayas erosion while that on the Ganga floodplain indicates the opposite (more positive ɛ Nd values). On the Bengal Shelf the change is to more negative ɛ Nd values, as seen in the Indus [Tripathy et al., 2011] . Deeper water marine records in the Bay of Bengal have also been used to reconstruct changing provenance and chemical weathering intensity since the Last Glacial Maximum. Colin et al. [1999] used a combination of Nd and Sr isotopes together with clay mineralogy to argue for weaker chemical weathering in the Ganges-Brahmaputra catchment at the Last Glacial Maximum compared to the Holocene. They further argued that sediments in the Andaman Sea indicated that weathering intensity in the Irrawaddy River basin is mainly controlled by the summer monsoon rainfall intensity. In all these studies the effect of sediment reworking in shaping the sediment record is unknown.
hemisphere climate. Both of these processes are thought to be controlled by orbitally modulated solar insolation [Clemens et al., 1996; Schulz et al., 1998 ]. Strong chemical weathering is generally associated with warmer, wetter conditions , and might be expected to increase with intensifying monsoon [Valdiya, 1999] . However, increased precipitation may lead to a change in sediment residence times [Dosseto et al., 2010; Evrard et al., 2010] , less rainfall could also increase sediment transport times allowing more weathering to occur. As a result the weathering response to monsoon climate change varies across Asia [Clift et al., 2008b ] and may also vary over different timescales because of the time required to transform pristine rock into a chemical weathered product. [6] A study of clay minerals in the northeast floodplains of the Indus in Pakistan shows stronger chemical weathering linked to a weakening monsoon during the Late Holocene, yet at Keti Bandar close to the river mouth these same proxies argue for heightened chemical weathering at the time of a strong monsoon in the Early Holocene [Alizai et al., 2012] . Here we examine how the marine delta record compares with the river mouth record sampled at Keti Bandar (Figure 1 ) by applying a variety of geochemical proxies to measure provenance and the varying chemical weathering intensity over the last deglacial cycle. [7] The Indus Shelf is a broad feature, forming the shallow water regions of the northern passive margin of the Arabian Sea (Figure 1 ). The shelf acts as a sink for sediment transported by the Indus River from the Karakoram and Western Himalayan regions [Clift et al., 2002; Garzanti et al., 2005] . The shelf stretches ca. 340 km from the Murray Ridge in the northwest to the Rann of Kutch to the southeast and runs ca. 120 km from the Indus Delta to the continental slope. The Indus Delta experiences very high wave energies, and prior to human intervention received at least 250 Â 10 6 t/yr from the Indus River [Milliman et al., 1984; Giosan et al., 2006] . This discharge is strongly seasonal, with the majority occurring between April and October, driven by glacial melting and the annual monsoon precipitation [Karim and Veizer, 2002] .
Geological Setting
[8] Radiocarbon dating indicates that sediment from the Indus River stopped feeding the submarine fan via the Indus Canyon at ca. 11 ka [Prins et al., 2000] , when sediment supply was outpaced by sea level rise [Burgess and Hovius, 1998 ]. However, coring close to the modern river mouth shows that sedimentation was rapid during the Holocene, with accumulations of >120 m recorded since 14 ka [Clift et al., 2008a] . Offshore, some sediment reached the Indus Canyon, but this was not transported to the abyssal seafloor. The canyon is flanked by two major, asymmetric clinoforms [Giosan et al., 2006] that reach onto the outer shelf on the eastern side of the canyon versus the mid shelf west of the canyon and appear to have been active in the recent past. In contrast, seismic surveys and coring of the outer shelf shows minimal to no Holocene sediment deposition at the shelf edge [von Rad and Tahir, 1997] .
3. Materials [9] In order to define the sources of the Holocene sediments on the Indus Shelf and assess their possible value as paleoclimatic archives, we present new Holocene records from two cores collected on the Western Indus Shelf. Cores were collected in December 2008 during cruise 64PE300 of the RV Pelagia. The cores for this study were selected close to the river mouth and canyon in the case of Indus-23 and in a more remote location, ca. 130 km northwest of the canyon in the case of Indus-10 ( Figure 1 ). Both cores contain sediments younger than material cored on the upper fan by Prins et al. [2000] . Age control derived during this study reveals apparently continuous sedimentation after ca. 11 ka at Indus-10, but a major break in accumulation between 7.8 ka and 1.5 ka at Indus-23. Indus-10 represents a long duration record of sediment flux and changing environmental conditions since the Early Holocene, whereas Indus-23 provides the opportunity to explore the variability in geochemistry on centennial time scale in the Late Holocene.
Analytical Methods
[10] Major and trace element geochemistry, together with Nd and Sr isotopes, were employed as provenance and chemical weathering proxies because they have an established track record of being reliable in such settings [Derry and FranceLanord, 1996] . Certain elemental ratios were selected because they have been used in earlier studies as weathering proxies (e.g., Mg/Al, K/Al, K/Rb) or as proxies of silicate mass flux relative to carbonate (e.g., Ti/Ca). The chemical index of alteration (CIA) of Nesbitt and Young [1982] was also determine to estimate the intensity of weathering. Grain size analysis was also conducted for as many as samples as possible from both cores.
Age Model
[11] Age dating by 14 C methods was undertaken on mollusk shells at the National Ocean Sciences Accelerator Mass Spectrometry facility (NOSAMS, Woods Hole Oceanographic Institution) using their standard method discussed by McNichol et al. [1995] . Calibration of raw data to ages years BP was completed using the calibration data set Marine 04 of Hughen et al. [2009] . Table 1 shows the full list of material dated from both cores.
Major, Trace and Rare Earth Element Geochemistry
[12] For bulk elemental analysis all samples were freeze-dried and ground before mixing 600 mg of sample with 3600 mg of lithium tetraborate (Li 2 B 4 O 7 , Spektromelt). The samples were preoxidized at 500°C with NH 4 NO 3 and fused to glassbeads. Samples were then were analyzed for Si, Al, Ti, Fe, Na, Ca, K, P and Rb by X-Ray Fluorescence (XRF) using a Philips PW 2400 X-Ray spectrometer at the Institut für Chemie und Biologie des Meeres (ICBM) at the Carl von Ossietzky Universitaet, Oldenburg, Germany. XRF measurements were performed using the method of Böning et al. [2009] . Overall analytical precision and accuracy were monitored by measurements of several inhouse standards and the certified standard GSD-3, and were better than 3%. All data were corrected for pore water salt contribution and are presented in Table 2 .
Isotope Geochemistry
[13] Samples were digested in HCl, aqua regia, HNO 3 , HF and HClO 4 . A subsample equivalent to 1 mg of strontium and neodymium was taken. Neodymium was extracted through a two-stage process. Each sample was run through a cation extraction column to isolate the rare earth elements and then a Ln-Spec column extraction to isolate the Nd. Strontium was extracted using Sr-Spec resin columns apart from a few samples with high Ba where cation resin columns were used. Samples were loaded on the VG/ Micromass Sector 54 thermo-ionization mass spectrometer (TIMS) at the National Oceanography Centre, Southampton (NOCS). Nd was mounted on the Ta sides of a triple Ta-Re-Ta filament assembly, Sr onto Ta single filaments with a Ta activator solution. The samples were both analyzed using multidynamic peak jumping routines. The longer term value for NBS987 was 0.710243 AE 0.000018 (2s) on 93 and for JNdi 0.512092 AE 0.000014 (2s) on 42. Neodymium isotope values were normalized to the chondrite uniform reservoir value and recorded as ɛ Nd [Goldstein et al., 1984] . The results are shown in Table 3 .
Grain Size
[14] Grain size analysis was conducted using a Beckmann Coulter LS13 320 laser particle analyzer No XRF data was conducted on sample Indus-23A-P-4, 0 cm because of limited sample availability. at the University of Aberdeen. A small fraction of sample was placed in a 25 ml beaker. Five ml of distilled water and two to three drops of Calgon solution. Samples were stirred with a glass stirrer and left in a sonic bath for 10 min. The material was then poured into a sampling tube before being placed on the turntable of the laser particle analyzer. The samples were then sonicated for a further 30 seconds by the built-in sonic probe before being run. Each sample was run three times. The analysis yields average grain size and these are shown in Table 4 . [16] Sediment at ca. 800 cm and 730 cm below seafloor respectively was dated by radiocarbon methods at 11.1 ka and 13.1 ka at Indus-10 and Indus-23 respectively. Sedimentation at Indus-10 is continuous after 11.1 ka above a clear iron-stained unconformity (Figures 2a and 3) located at ca. 830 cm depth at Indus-10, where a 50-cm-thick fining upwards sand layer is observed overlying a burrowed, more consolidated, orange-stained clay ( Figure 2a ). A condensed interval with sedimentation rates of ca. 20 cm/k.y. occurs from the Early Holocene until ca. 6.4 ka; sedimentation rates increase after that to between 60 and 190 cm/k.y. A major break in preservation is also inferred at Indus-23 where most of the Middle Holocene is missing ( Figures 2d  and 4 ). Even below this interval sedimentation is highly condensed in the Lower Holocene, averaging 17 cm/k.y. compared to 1014 cm/k.y. at the top of the core.
Results

Sedimentation History
Major Elemental Geochemistry
[17] Figures 3 and 4 display lithological, isotopic and selected elemental geochemistry for Indus-10 and Indus-23 plotted against core depth. The two cores have different major and trace elemental compositions. Mg/Al is very low below the unconformity and then rises sharply just above this level at Indus-10 before falling back to lower values. The CIA behaves in a similar fashion, being very high under the unconformity and then rising sharply above that hiatus. K/Al behaves in a different fashion because this is very high under the unconformity and then falls to progressively lower values above that level.
[18] Contrasting trends are seen at Indus-23. Mg/Al and K/Al are higher at the base of the core below 600 cm below seafloor (cmbsf), above which the sedimentation rates rise sharply. Mg/Al and K/Al both fall to a more constant lower value above that level ( Figure 4) . CIA is high immediately below 
Rare Earth Elements
[19] Rare earth element (REE) geochemistry is best considered by normalizing concentrations to C1 Chondrite for all samples [Anders and Grevesse, 1989] . The patterns for both Indus-10 and Indus-23 samples are fairly typical of continental crustal material in being light REE-enriched. The samples show a particular enrichment in the LREEs, while the heavy REEs display a flatter pattern (Figures 5a and 5b). All samples show a well-developed negative Eu anomaly, which is typical of rocks eroded from sources that have experienced plagioclase fractionation, such as granites. At Indus-10 samples from just above the unconformity have lower REE concentrations than the upper part of the core, which shows comparable values to those found at Indus-23.
[20] REE values were also normalized against the upper continental crust values of Rudnick and Fountain [1995] (Figures 5c and 5d ). Once again greater variability is observed at Indus-10, where samples located just above the unconformity show 
Discussion
Significance of Geochemical Data
[24] Different elements display different degrees of mobility in aqueous fluids, so that during chemical weathering the ratios of water-mobile versus waterimmobile elements change [Nesbitt et al., 1980] . Alkali earth elements are commonly used in such proxies because they are relatively mobile and when compared to immobile elements track the degree of leaching (e.g., K/Al or K/Rb). K/Al may also reflect changing terrigenous supply or clay mineral input. It has been shown that K/Al relates to breakdown of K-feldspars and micas, as well as illite formation, which is associated with physical weathering of low grade metamorphic rocks [Clift et al., 2008b] . [25] Mafic minerals are also generally less stable in continental environments than silica-rich minerals leading to their preferential breakdown and a loss of Mg in highly weathered rocks [Lee et al., 2008] . This behavior lends itself to chemical weathering studies. Mg/Al has an advantage in showing no significant correlation with terrigenous mass accumulation rates, or with mean grain-size in a variety of settings [Duzgoren-Aydin et al., 2002; Price and Velbel, 2003; Schroeder and West, 2005] . However, changes in carbonate content, especially dolomite will have a first order control on the Mg/Al ratios given the much higher mobility of carbonate bound Mg compared to silicate bound Mg. Mg/Al may thus at least partially track carbonate weathering. Because there is a significant amount of detrital carbonate present in the sediments exported by the Indus [Garzanti et al., 2005] this influence must be assessed before the proxy can be simply interpreted.
[26] The chemical index of alteration (CIA) of Nesbitt and Young [1982] is a well-established weathering proxy. This is based on the relative mobility of Na, K and Ca in water relative to Al, which normally concentrates in the weathered rock.
The CIA values were calculated using the method of Nesbitt and Young [1982] shown below.
CIA values are normally corrected for biogenic calcium, however where this data is unavailable the CaO*/Na 2 O ratio can be used instead of CaO* to yield a good estimate of CIA [Singh et al., 2005] . The proximal location of the cores considered here means that the amount of pelagic biogenic material in these sediments is very low. However, the CIA does not correct for the presence of detrital carbonate grains and may be compromised as an effective proxy in this setting. [27] We assess possible detrital carbonate control over our proposed weathering proxies by plotting each of them relative to CaO content and against Ti/Ca, which can be used as a proxy for clastic versus carbonate flux, including biogenic contents. Figures 6a-6d show that CIA and Mg/Al are closely correlated to the carbonate contents, so that more carbonate content gives the impression of less chemical weathering. K/Rb shows a different response but there is still a detectable correlation between this ratio and both CaO content and Ti/Ca (Figure 6e and 6f) . K/Al seems to be the least affected of any of these proxies and shows no coherent link with either CaO or Ti/Ca.
[28] Application of the weathering proxies may also be affected by variations in grain size because finer grained material, especially clays tends to be more heavily weathered than sandier material. The cores are dominated by muddy, silty material outside a few sandy intervals and do not show major coherent departures in the average grain size up-section (Figures 3 and 4) . Unfortunately the grain size data do not coincide with the geochemical analyses and so we test the links with grain size using Si/Al as a proxy based on the fact that Al is rich in clays, while Si is common in sands and silts as quartz grains. Figure 7 shows that many of the proxies are sensitive to this variability. Mg/Al is flat for the lowest Si/Al values but then rapidly increases. Again it is K/Al that appears to be uncorrelated with grain size, suggesting that it should make the most robust silicate weathering proxy. [Palmer and Edmond, 1992] . Nd is largely unaffected by weathering and is a robust provenance proxy with wide earlier applications, including the Indus system [Clift et al., 2002; Clift and Blusztajn, 2005] . Crucially Nd is not present in carbonate. Links have been made between Nd isotope character and grain size in eolian sediments [Feng et al., 2009] , although in marine sediments the link is less pronounced and is better displayed in terms of Sr [Meyer et al., 2011] 
Temporal Variability
[30] The geochemical ratios shown in Figures 3 and 4 may be plotted against age calculated by assuming linear sedimentation rates between dated material (Figures 9a-9f and 10a-10f) . The bottom of the core from Indus-23 is constrained as being 13.7 ka, based on the depth below modern sealevel and the anticipated age of post-glacial transgression [Bard et al., 1996] , as well as the 14 C ages. Figure 9a shows temporal variations in Mg/Al with a net decrease at Indus-10 from 0.5 to 0.25 since 11 ka, but with most of that change being between 11 ka and 8 ka. This may be interpreted as indicating decreasing carbonate weathering intensity at this time. Although there are not enough samples to estimate the trend during the Holocene at Indus-23, the centennial variability in Mg/Al over the last 1600 years is minimal with all samples except one at 0.25 similar to the corresponding sample at 0.8 ka from Indus-10 (Figure 10a) . The sample at ca. 0.8 ka at Indus-10 is within the same range of Mg/Al variability as samples from Indus-23 over the last 1600 years.
[31] K/Rb is also interpreted as a chemical weathering proxy and this shows an increase in values (i.e., less intensity weathering or more carbonate flux) above the unconformity at Indus-10 compared to below. This could also suggest a loss of micas and feldspars though none are observed in microscopic analysis. Similar to Mg/Al, K/Rb falls from $12 ka to the present-day, which could indicate increasing chemical weathering above the unconformity to the present-day or decreasing carbonate flux (Figure 7b ). This similarity holds true for the CIA parameter as well (Figure 9d) . The K/Rb values at ca. 8.8 ka are slightly different at the two sites but care should be employed in interpreting this as a difference in weathering characteristics because the Early Holocene sedimentation at both sites is condensed and samples may not be coeval. In the last 1600 years (Figure 10b ) changes in K/Rb closely match those of Mg/Al, although K/Rb shows a gradual fall that was not observed in the Mg/Al.
[32] K/Al is our most trusted proxy for chemical weathering of silicates and at Indus-10 there is a net decrease between 11 ka and 4 ka, indicating stronger chemical weathering, in agreement with Mg/Al (Figure 9c ). The sample from below the unconformity has a high K/Al value despite the appearance in the core and the other weathering proxies indicating that it is strongly weathered prior to the postglacial transgression. The Indus-23 sample at ca. 8.8 ka suggests less weathering at that time compared to at Indus-10, which contrasts with the CIA and Mg/Al indicating minor differences.
[33] Following very high CIA values under the LGM unconformity at Indus-10 CIA values fell at the time of transgression and then increased sharply between 11 ka and 8 ka, after which CIA is more constant (Figure 9d ) suggesting stable weathering and provenance. At Indus-23 CIA values are consistent with the most recent Indus-10 samples, except for the low value sample at ca. 1.3 ka that was also anomalous in Mg/Al and K/Al values (Figure 10d ).
Provenance
[34] Both sites have been influenced by the Southwest Monsoon and the westerlies, but potentially receive material from contrasting source regions. Indus-23 is presumed to receive sediment from the Indus River mouth, while Indus-10 could also receive influx from rivers in southwest Pakistan. Although longshore surface currents today are dominantly northward from Cape Monze during the summer (Figure 1 ) [Elahi and Rashid, 1981; Schott and McCreary, 2001] this may not have been the case when sea level was lower because the monsoonal conditions were different to the present-day causing shifts in the strength, direction and seasonality of the winds [Clemens and Prell, 1990] with consequences for coastal currents. Furthermore, a rise in sea level would be necessary in order to develop the longshore current we see today. The base of Indus-10 is believed to be Pre-Holocene, given that the age of the unconformity is older than 10 ka, while the red-orange color of the sediment could suggest exposure to the surface. (Figures 2a  and 3 ) Exposed shelf sedimentary deposits at the seafloor, especially on the outer shelf and close to the Murray Ridge (Figure 1 ) also provide possible sources of sediment during reworking in a high energy, wave dominated delta, such as the Indus.
Comparison of provenance records from the two marine sites with the onshore record at Keti Bandar should constrain the fate of sediment reaching the Arabian Sea and the degree of reworking during Holocene sea level rise.
[35] The Indus Shelf does not necessarily record provenance changes seen in the Indus delta because of mixing with sediments from other sources and reworking of older shelf deposits. Here we explore this possibility using isotope data. Figure 11 compares temporal variations in ɛ Nd and 87 Sr/ 86 Sr values for both core sites with the river mouth record at Keti Bandar [Clift et al., 2010] in order to assess the whether the Indus Shelf can also record changes in Himalayan erosion. Most of the ɛ Nd values from Sites Indus-10 and -23 lie within the range of previously published values for Indus Canyon sediments [Clift et al., 2008a] , but are typically shifted to slightly higher values compared to the synchronous values at the river mouth. ɛ Nd values of À12 are recorded for much of the Holocene at Indus-10, which match analyses from suspended clay-rich sediment from the modern Indus River [Goldstein et al., 1984] . These values are themselves higher than those derived from coarser-grained modern Indus river sediment [Clift et al., 2002] , and from finer grained Late Holocene sediment from Keti Bandar. This raises the possibility of a grain size control on Nd isotope character. However, within our data set there is no correlation between ɛ Nd 86 Sr values are affected by clay content, being higher with more clay (Figure 12c ).
[36] The Lower Holocene (8-11 ka) from Indus-10 yielded three samples with ɛ Nd values too high to have been derived only from the Indus River. A fourth sample dated at 2.95 ka also showed a high value. At Indus-23, where the record is mostly limited to the last 1600 years, the 1.3 ka sample also shows a contribution from a secondary source beyond the Indus River. Although ɛ Nd values of between À4 and À8 have been recorded in the Indus River in such regions as the Karakoram and the Lhasa Block, these are at least ca. 1,000 km away from the shelf region and are mixed with more sediments of a more negative ɛ Nd signature on their transport to the coast [Clift et al., 2002] . In contrast to the ɛ Nd values measured in Lower Holocene sediments at Indus-10 those of the same age at Keti Figure 11 . Comparison of the temporal evolution in onshore and offshore records of Nd and Sr isotopes through time in the Indus Delta since 20 ka. Keti Bandar data from Clift et al. [2008a Clift et al. [ , 2010 . Note the major differences in ɛ Nd values between the marine cores and that taken at the coast at Keti Bandar, especially at 11-8 ka. Samples joined by horizontal line represent repeat analyses of material originally analyzed by Clift et al. [2008a] .
Bandar are much more negative, indicating influence of non-Indus source at Indus-10 at 8-11 ka.
[37] Since 7 ka there are differences between onshore and offshore cores records. The ɛ Nd values for the most samples from the marine record above 7 ka are consistent with modern Indus Canyon samples rather than recent river sediments or the younger sediments at Keti Bandar. However, these sediments do correspond to Indus Delta sediments deposited before 13.5 ka [Clift et al., 2008a] , as well as the suspended sediment sample of Goldstein et al. [1984] . An offset between Keti Bandar and the marine cores is especially seen in 87 Sr/ 86 Sr for the Holocene, although the two sets do overlap at 13-15 ka.
87 Sr/ 86 Sr values are routinely lower on the shelf than at Keti Bandar. This is unlikely to be caused by grain size differences, as this influence would predict the opposite effect on 87 Sr/ 86 Sr values (Figure 12c ). Shelf cores are typically finer than the river mouth and finer grain size are associated with higher 87 Sr/ 86 Sr values both here and in west Africa [Meyer et al., 2011] . Because our shelf cores show lower 87 Sr/ 86 Sr values compared to the river this is probably not linked to grain size sorting. Rather the differences reflect a higher carbonate content in the shelf cores of both biogenic and detrital origin. [38] The samples with particularly high ɛ Nd values require explanation, as this difference cannot be due to differences in weathering histories. The REE character of the pre-7 ka samples from Indus-10 is more primitive and less continental then the younger samples. In order to yield ɛ Nd values of between À4 and À7 a significant fraction of material with more positive values needs to be included in the bulk chemistry, together with the sediment sourced from the Indus. A candidate for the source of this material is the Bela Ophiolite, which formed during the Paleocene [Umar et al., 2011] and is located in the Chaman fold thrust belt [Zaigham and Mallik, 2000] , onshore and to the north of Indus-10. This area is drained by the Hab River [Ahmed and Ernst, 1999] (Figure 1) , which enters the Arabian Sea approximately 20 km northwest of Karachi. ɛ Nd values for the Bela Ophiolite range from between +4 and +7 [Ahmed and Ernst, 1999] , well within what would be required to cause a shift to between À4 and À7. In contrast, the highest ɛ Nd values known from the Indus River since the LGM are only À10.5 at Keti Bandar [Clift et al., 2008a] . Figure 13 shows the relationship between Sr and Nd isotopes for our shelf samples, existing samples from the delta and the possible end-members. The Indus River is represented by two end-members because it changes its isotopic character significantly between the Last Glacial Maximum and the present-day [Clift et al., 2010] . These end-members are defined by being the most isotopically extreme and these samples were dated as being 0.21 ka and 12.9 ka [Clift et al., 2010] . The mixing calculations show that most of the samples lie between the Indus River end-members but that four samples from Indus-10 and two from Indus-23 have values that divert significantly from this array. The most extreme would imply >50% mixing of Indus River sediment with rock from the Bela Ophiolite. Even if that is an over-estimate it is clear that the isotopic range, especially on the western shelf, is greater than would be expected from a purely Indus source.
[39] If sediment flux from the Bela Ophiolite is the cause of the Nd isotope anomalies then the question remains of how this sediment was delivered to the core sites without being hugely diluted by the Indus River. There is a strong northwest to southeast longshore surface currents active during the Summer Monsoon [Schott and McCreary, 2001] and Figure 13 . Relationship between strontium and neodymium isotopes for both onshore and offshore samples (latter data from Clift et al. [2008a] and data from the Bela Ophiolite [Ahmed and Ernst, 1999] ). This clearly shows the marine samples plot between Indus River and Bela Ophiolite end-members. While the ophiolite is fixed in composition the Indus River end-members change through time. Mixing lines show 10% increments. modeling of currents along the Pakistani coast has shown that during the summer monsoon the dominant currents are from the northwest [Elahi and Rashid, 1981] . The low discharge of the Hab River compared to the Indus makes it very unlikely that suspended plumes of sediment could be bringing these sediments to the deeper parts of the shelf. However, assuming no subsidence, wavedriven longshore drift during the Early Holocene could be responsible for the Nd isotope anomalies at Indus-10 because at that time, when surf zone was deeper than present. Such a mechanism would have been terminated as sealevel rose and the coast migrated north.
[40] The isotopically and geochemically anomalous samples dated at 1.4 ka from Indus-23 and at 2.95 ka at Indus-10 are the only sediments that do not appear to be sourced solely from the Indus Delta since the Early Holocene. Because direct supply from the Hab River is not physically possible after 6 ka, we prefer to explain these anomalies as being caused by reworking of older shelf sediments. Seismic images of the shelf region ca. 10 km east and west of Indus-23, as well as close to Indus-10, show submerged outcrops but the composition of these rocks is unknown. However, outcrops of mid shelf deposits could contain sediments partly delivered alongshore from the Hab River during previous sea level cycles. It is possible that erosion of these outcrops is partly responsible for the occasional anomalously high ɛ Nd values found in the Upper Holocene.
Climate and Weathering Records
[41] Comparing the various chemical proxies with established monsoon intensity records allows us to determine whether the monsoon is a primary control on weathering or provenance within the Indus Shelf. Figures 14a-14e plot the CIA, K/Al and Nd isotopic data against an oxygen isotope record from the Qunf Cave in southern Oman in which the oxygen isotope composition is linked to the intensity of summer rains [Fleitmann et al., 2003] . The record indicates a strengthening summer monsoon between 11 ka and 8 ka. [Fleitmann et al., 2003] , and (e) sea level curve [Bard et al., 1996] .
after 11 ka until 8 ka (Figure 14 ). This suggests that the strengthening of the monsoon during the Early Holocene had a major impact on reducing the flux of eroded carbonate in the sediments recovered at Indus-10. The Nd isotope data show a number of periods when the provenance was more influenced by the Hab River but these do not correlate either with monsoon history or with changes in CIA or K/Al. The silicate weathering tracked by K/Al shows a gradual increase in weathering between 11 ka and 4.5 ka, followed by a fall to the present-day. This history does not match the monsoon record. There is a 4-5 ka lag between peak monsoon strength and the peak in weathering intensity. This is even later than the peak chemical weathering identified from clay mineralogy at ca. 7 ka at Keti Bandar [Alizai et al., 2012] , and at ca. 6.5 ka on the Cochin-Kochi coast of western India [Thamban et al., 2002] . However, in the case of our offshore record we cannot simply infer that this time lag represents the time needed for the weathering processes to respond to monsoon forcing because the combined isotope data indicate that the source of the sediment may be a mixture of newly delivered river sediments and reworked older deposits. While grain size sorting may have caused much of the isotopic differences seen between shelf and delta the data presented here does not presently favor this model, as we cannot demonstrate such a link in this system. [43] Comparison of climate and ɛ Nd values for Indus-10 ( Figure 14) shows no clear control over provenance. However, we note that after 7 ka when sealevel is relatively stable ɛ Nd values are generally constant, as might be expected for a well-mixed reservoir of sediments, such as wave-dominated shelf. Longshore transport from the Hab River to the area of Indus-10 was able to occur when the site was located near the coast, but by 8 ka sea level was only ca. 20 m lower than present levels [Bard et al., 1996] , thus cutting off the supply of isotopically primitive material from the west because Indus-10 was too deep to be exposed to longshore drift. Both sites have since been shielded from direct sediment flux from the NW by a bathymetric shoal extending off Cape Monze (Figure 1 ). Any shift in ɛ Nd values after this time probably relates to reworking of sediment which may contain some Bela Ophiolite material deposited before the Holocene.
Conclusions
[44] Using geochemical analysis we have constrained the provenance of Holocene sediments that have accumulated on the Indus Shelf since 13 ka. The relatively high ɛ Nd values and lower degrees of chemical weathering seen in Lower Holocene sediments at the western site Indus-10 indicate that a significant proportion of this sediment originated from the Bela Ophiolite via the Hab River along the coast to the northwest. Alternatively, the high ɛ Nd signature may imply erosion of earlier deposits outcropping on the shelf, but which themselves received primitive material from the Bela Ophiolite. Other sedimentation is influenced by direct flux from the Indus River, as well as reworking of Indus shelf deposits. The isotopic differences between the shelf sediments at both sites and the delta may reflect a grain size sorting influence, although our data favor the presence of more carbonate offshore as the reason for the lower bulk 87 Sr/ 86 Sr values compared to the river mouth. Nonetheless, our sediments yield ɛ Nd values that are consistently more positive than those seen at the river mouth and closer to values known from the LGM, suggesting that direct sediment supply from the river was not completely dominant. Sediment transport from the Hab River was possible during the Early Holocene because the transgression over a highly weathered basal Holocene unconformity placed Indus-10 temporarily close to the coast where it was able to receive sediment via the longshore drift. This flux was cut off as sea level continued to rise.
[45] Sediments at Indus-23 also have chemistries consistent with sediment supply from the Indus River mixed with some older Indus sediments. Similar to sediment from Indus-10, a sample dating from ca. 1.3 ka indicates a brief period of sediment flux from a secondary non-Indus source, probably reworked sediments from older shelf sequences. However, data from these buried outcrops needs to be obtained to establish an influence in sedimentary provenance. At Indus-10 an apparently sharp decrease in carbonate weathering flux between 11 ka and 8 ka may largely reflect the influx of poorly weathered material from the west mixing with detrital carbonate-bearing Indus River sediment at this time [Staubwasser and Sirocko, 2001] . K/Al appears to be the only chemical weathering proxy that is not affected by either grain size or carbonate content and this shows increasing weathering intensity from 11 to 4.5 ka, followed by a decrease the present-day. The trends in carbonate and silicate chemical weathering proxies do not readily correlate with the known variability of the SW summer monsoon, which strengthened from 11 ka to 8 ka and then weakened after 6 ka [Fleitmann et al., 2003; Gupta et al., 2003 ]. Consistent differences in Sr isotopic values between the marine cores and sediments from the river mouth likely reflect more carbonate in the offshore, but the Nd isotope differences between shelf and delta imply that the direct flux from the river mouth is mixed with sediments reworked from pre-existing shelf deposits. Alternatively, we cannot exclude the idea that the composition of dominantly fine sediments on the shelf is affected by grain size sorting. Potential reworking or insufficient understanding of processes affecting proxies at their onland source highlight the complexity of interpreting fluvial and shelf sediments in terms of continental weathering and erosion records. By the same token, keeping in mind that shelf sediments feed the continental slope and the deep sea, this complexity is expected to translate to those environments as well.
